SEMICONDUCTOR DEVICE AND 
MEIHOD OF FABRICATING THE SAME 

« 

BACKGROUND OF THE INVENTION 

1, Field of the Invention: 

.The present invention relates to a semiconductor device and a method of fabricating the 
semiconductor device. More particularly, the present invention relates to a thin semiconductor 
device peimitting high-density packaging, and a method of fabricating the semiconductor device. 

2. Description of the Related Alt 

A conventional semiconductor device is constructed by fixing a semiconductor IC chip to a 
wiring substrate with an adhesive, electrically connecting bond pads of the semiconductor IC chip 
to bond pads formed on the wiring substrate with metal wires, and sealing the semiconductor IC 
chip and the metal wires in a resin for protection. 

When fabricating this conventional semiconductor device, the semiconductor IC chip is fixed to 
the wiring substrate with the adhesive, the bond pads of the semiconductor JC chip are connected 
electrically to the bond pads of die wiring substrate with metal wires, and the semiconductor IC 
chip and the m^ wires are covered witivjuid sealed in the resin« 

The conventional technique, however, has the following problems. The respective thickness of 
tfie semiconductor IC chip and the layer of the adhesive bonding the semiconductor IC chip to the 
wiring substrate are included in the thickness of the semiconductor device, which makes it difficult 
to form the semiconductor device in a small thickness. 

The area of the layer of the adhesive is greater than that of the semiconductor IC chip, and the 
layer of the adhesive spreads in an unpredictable shape when compressed between the 
semiconductor IC chip and the wiring substrate. Therefore, die bond pads of the wiring substrate 
to which the bond pads of die semiconductor IC chip are to be connected by the metal wiies must 
be spaced from the pei^phery of the semiconductor IC chip by, for example, 8 mm or above, which 
makes high-densiQr packaging difficult 

SUMMARY OF THE INVENTION 
Accordingly, it is an object of die present invention to provide a diin semiconductor device 
peimitting high-density packaging. 
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With the foregoing object in' view, the present invention provides a semiconductor device 
comprising a semiconductor IC chip provided on its first surface with bond pads; a wiring substrate 
provided with a through hole extending between its first surface and its second surfaces opposed to 
die first surface; conductive members electrically connecting the bond pads of the semiconductor IC 
chip to conductive lines formed on die wiring substrate; and a resin molding covering the surface of 
die semiconductor IC chip and fixing side surface of die semiconductor IC chip to side surface of 
the duough hole« 



BRIEF DESCRIPTION OF THE DRAWINGS 

« 

While the specification concludes with claims particularly pointing out and distinctly claiming 
the subject matter which is regarded as the invention, it is believed that the invention, the objects 
and features of the invention and further objects, features and advantages thereof will be better 
understood from the following description taken in connection with the accompanying drawings in 
which: 

Fig, 1 is a sectional view of a semiconductor device in a first embodiment according to the 
present invention; 

Figs. 2(a) to 2(e) are typical sectional views of assistance in explaining a method of fabricating 

• 

the semiconductor device in the first embodiment; 

Figs, 3(a) to 3(d) are typical sectional views of assistance in explaining another method of 
fabricating the semiconductor device in die first embodiment; 

Fig* 4 is a typical' sectional view of assistance in explaining a method of forming wires by 
using a conductive paste; 

Figs. S(a) to S(c) are typical sectional views of assistance in explaining, a method of forming 
wires by using sCconductive paste; 

* Figs. 6(a) to 6(d) are typical sectional views of assistance in explaining a method of forming 
wires byusing a conductive paste; and 

Fig. 7 is a typical sectional view of a semiconductor device in a second embodiment according 
to tfie present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First Embodiment 

Referring to Fig. 1, a semiconductor device in a first embodiment according to ihe present 
invention comprises a semiconductor IC clup 1 provided on its front surface with bond pads, a 
wiring substrate 2 provided widi a dirough hole, metal wires 3, and a sealing resin coating 4. The 
metalwires3 areextended,inaslisqpeof aheightS. The sealing resin coating 4 has a hei^t 6. The 
back surface of the semiconductor IC chip 1 is spaced a distance 7 apart form the back surface of 
the wiring substrate 2. 

Referring to Fig. 1, tfie semiconductor IC chip 1 is inserted in the dirough hole of the wuing 
substrate 2, and die bond pads of die semiconductor IC chip 1 are connected electrically to die bond 
pads formed at the edge of the conductive lines of the wiring substrate 2 by die metal wires 3. The 
sealing resin coating molding 4 coats the semiconductor IC chip 1 and die metal wires 3. Part of 
die sealing resin coating 4 fills up gaps between the side surface of die semiconductor IC chip 1 and 
the side sur£ace of the through hole of the wiring substrate 2 to bond the semiconductor IC chip 1 to 
the wiring substrate 2. 

The height 5 of the metal wires 3 is in the range of 150 to 250 /i m, and hence the diickness 6 of 
the sealing resin coating 6 is in die range of 170 to 270 /x m. The thickness 6 is 270 /jt m at the 
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greatest. The sealing resin coating 4 may possibly flow through the gaps between the side surface 
of the semiconductor IC chip 1 and the side surface of the through hole of die wiring substrate 2 
onto the back surface of the semiconductor IC chip 1. Therefore, the back surface of the 
semiconductor IC chip 1 is spaced from the back surface of the wiring substrate 2 by the distance 7 
of 50 /4 m or above. If the sealing resin coating 4 flowed onto the back surface of the 
semiconductor IC chip I is removed later, the back surface of the semiconductor IC chip 1 may be 
flush with the back surface of the wiring substrate 2, i.e,, die distance 7 may be naught. 

Since the semiconductor IC chip 1 is inserted in the through hole of the wiring substrate 2, die 
thickness 6 of die sealing resin coating 4 is dependent substantially only on die height 5 of die metal 
wires 3 and is smaller dian diat of the sealing resin coating of the corresponding conventional 
semiconductor device. 

Thus, the semiconductor device of die present invention can be formed in a small thickness. 
Since die semiconductor IC chip I is inserted in the dirough hole of die wiring substrate 2 , die 
lengdi of the metal wires 3 is shoiter than dial of corresponding conventional semiconductor and 
hence die total resistance of die metal wires 3 can decrease/ 

Since die semiconductor IC chip 1 is inserted in die through hole of the wiring substrate 2, the 
semiconductor iC chip 1 can be attached to the wiring substrate 2 with its front surface substantially 
flush with the front surface of the wiring substrate 2 and hence the faulty coating of die 
semiconductor IC chip 1 and die metal wir6s 3 with the sealing resin coating attributable to steps 
between the semiconductor IC chip 1 and the wiring substrate 2 will rarely occur. Since any 
adhesive is|hoCjused for attaching the semiconductor IC chip I to die wiring substrate 2, die bond 
pads of die wiring substrate 2 need not be separated far from die edges of the semiconductor IC 
chip 1 to avoid being covered with an irregulariy spread layer of an adhesive. The distance between 
the edges of the semiconductor IC chip 1 and the bond pads of the wiring substrate 2 may be about 
0.3 mm. Accordingly, die sealing resin coating 4 can be formed in a small area, which enables 
hi^-density packaging. 

Since die semicoqjluctor IC chip 1 is attached to die wiring substrate 2 witfiout using any 
adhesive, Ac separation of the sealing lesin coating 4 and die wiring substrate 2 from eadi other by 
die shrinkage of an adhesive, when used, bonding the semiconductor IC chip 1 to die wiring 
substrate 2 caused by a heat shock exerted on die adhesive wiU not occur and' the ^sconnection of 
die metal wues 3 firom die bond pads of the wiring substrate 2 ^vill not occur. 

A tape provided with conductive wires , or wires of a conductive paste may be used instead of 
die metal wires 3 to connect the bond pads of die semiconductor IC chip 1 to die bond pads of the 
wiring substrate 2. Generally, such a tape has a thickness in die range of 60 to 200 m and hence 
die thickness 6 of die sealing resin coating 4 may be in die range of about 80 to 200 ft m, which 
enables the fabrication of a semiconductor device having a fiirdier reduced thickness. Wires of a 
conductive paste are formed in a thickness in die range of 60 to 200 fi m and hence the diickness 6 
of die sealing lesin coating 4 may be m the range of abut SO to 220 /x m, which also enables the 
fabrication of a semiconductor, device having a further reduced diickness. Wires of a conductive 



paste do not come off the wiring substrate 2 easily because of their large area in contact with the 
wiring substrate 2. 

A method of fabricating the semiconductor device in the first embodiment will be described 
hereinafter with reference to Figs. 2(a) to 2(e), in which tadicated at 8 is an adhesive tape and at 9 is 
a stage provided with a projection, and parts like or corresponding to those shown in Fig. I are 
designated by the same reference characters. 

As shown in Fig. 2(a), an adhesive tape 8 provided with an adhesive layer is attached to the 
second surface of the wiring substrate 2, and the semiconductor IC chip 1 is inserted in the through 
hole of the wiring substrate 2 so as to be attached to the adhesive tape 8 . 

As shown in Fig. 2(b), flie wiring substrate 2 is placed on a stage 9 provided widi a projection 
so that the projection of the stage 9 is fitted in the through hole of the wiring substrate 2 to push up 
the semiconductor IC chip 1 relative to the wiring substrate 2. Since the semiconductor IC chip 1 
and ttie stage 9 have dimensional errors, the fxovX surface of the semiconductor IC chip 1 extends at 
a height from the front surface of the wiring substrate 2 in toe range of 1 50 /u m . 

As shown in Fig. 2(c), the bond pads of the semiconductor IC chip 1 arc connected to the bond 
pads formed at the edge of the wiring substrate 2 by the metal wires 3, respectively. 

As shown in Fig. 2(d), the semiconductor IC chip I and the metal wires 3 are coated with the 
sealing resin coating 4. Part of the sealing resin coating 4 fills up gaps between the side surface of 
Ae semiconductor IC chip 1 and the side su^face of the flirough hole of the wiring substrate 2. 

Finally, as shown in Fig. 2(e), the semiconductor device formed by thus assembling the 
semiconductor IC chip I , the wiring substrate 2, the metal wires 3 and the sealing resin coating 4 is 
separated fsova the adhesive tape 8 and the stage 9. 

Another method of fabricating the semiconductor device in die first embodiment is illustrated by 
Figs. 3(a) to 3(d), in which indicated at 10 is a stage having a projection provided with an air 
passage. 

As shown in Fig. 3(a), ttie projection of tfie stage 10 is inserted in the dimugh hole of die 
wiring substrate 2, aq^ tfie semiconductor IC chip 1 is inserted in the tfuoughhole of Oe wiring 
substrate 2 and is seated on the projection of the stage 10. Since the semiconductor IC diq> 1 and 
tiie stage 10 have dimensional errors, the front surface of die semiconductor IC chip I extmds at a 
height firom the finont surface of the wiling board 2 in die range of I SO // m . 
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As shown in Fig. 3(b), the bond pads of the semiconductor IC diip 1 are connected to die bond 
pads of the wiring substrate 2 by die metal wires 3, respectively, by a wire bonding piwess. 
During die wire bonding process, suction is exerted on die semiconductor IC chip I through the air 
passage to hold die semiconductor IC chip 1 fixedly in place on die stage 10. 

As shown in Fig J(c), die semiconductor IC chip 1 and die metal wires 3 arc coated widi die 
sealing resin coating 4. Part of die sealing resin coating 4 fills up gaps between die side surface of 
die semiconductor IC chip 1 and die side surface of die diiough hole of die wiring substrate 2 . 

Fuially, as shown in Fig.3(d), die semiconductor device formed by tiius assembling the 
semiconductor IC chip 1 , die wiring substrate 2, die metal wires 3 and die sealins resin coating 4 is 



separated from the stage 10. 

The foregoing methods of fabricating the semiconductor device in the first embodiment connect 
the bond pads of the semiconductor IC chip 1 to those of the wiring substrate 2 by the metal wires 
3. Those methods may use tapes provided with conductive wires or wires of a conductive paste 
instead of the metal wires 3 . 

• 

A method of forming wires of a conductive paste wUl be described hereinafter with reference to 
Fig. 4, in which; indicated at U is a wire of a conductive paste and/at ll is a nozzle, and parts like 
or corresponding to those shown in Figs. 3(a) to 3(d) are designated by the same reference 
charactere. As shown in Fig. 4, the conductive paste is applied to the firet surfaces of the 
semiconductor JC chip I and the wiring substrate 2 by the nozzle 12 so as to form wires 11 
interconnecting the bond pads of die semiconductor IC chip 1 and die wiring substrate 2 . 

Figs. 5(a) to 5(c) illustrate another mediod of forming wires of a conductive paste, in which 
incUcaied at 13 is a mask having a pattern of open areas corresponding to a pattern ofwires and at 14 
is a squeegee, and parts like or conesponding to those shown in Fig. 4 are designated by the same 
reference characters. 

As shown in Fig. 5(a), the mask 13 is disposed on the wiring substrate 2 so diat die open areas 
of die mask 13 <!orrespond to regions in which wires arc fonned on die semiconductor IC chip 1 
and the wiring substrate 2, respectively. 

SubsequenUy, as shown in Fig. 5(b), a mass of a conductive paste is put on die mask 13. 

Fmally,'as shown in Fig. 5(c), die squeegee 14 is moved along die surface of die mask 13 in 
die direction of die arrow to spread die conductive paste into die open areas of die mask 1 3 to fomi 
die wires 1 1 . The wires 11 can be fonned in a substantially uniform diickness depending on die 
diickness of die mask 13. The wires 11 can be foraied in a desired diickness by selectively 
deteimining the diickness of die mask 13. 

Figs. 6(a) to 6(d) illustrate a diird mediod of fomiing die wires 1 1 of a conductive paste, in 
whidi indicated at 15 is a transfer roller and at 16 is a letterpress printing plate, and parts like or 
corresponding to diosc^shown in Fig. 4 are designated by die same referaice diaracteis. 

As shown in Fig. 6(a), die transfer roller 15 is rotated in die direction of die arrow, and die 
letter press printing plate 16 having surface areas coated wiA a patton of a conductive paste 
corresponding to a patton of wires 1 1 is moved in die direction of die anow at a speed equal to die 
ciiUuuTerNitial speed of die transfer roller 15 to transfer a patton of die conductive paste 
corresponding to die pattern of woes 11 to be formed on die semiconductor IC chip 1 and die 
wiring substifate 2 from die letteipress printing plate 16 to die transfer roller 15. 

As shown in Fig. 6(b), a stage 10 supporting die wiring substrate 2 and die semiconductor IC 
chip 1 insoted in diedunugh hde of die wiring subsdate 2 presses die wiring substrate 2 against 
die circumfeioice of die ti^ansfer roller 15 and is moved in die direction of die arrow opposite die 
moving direction of die letteqpress printing plate 16 at a speed equal to die circumferential speed of 
die transfer roller 15. 

Consequendy. die pattern of die conductive paste is transferred fhwn die transfer roller 15 to die 
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semiconductor IC chip 1 and the wiring substrate 2 as shown in Fig. 6(c) and the wires 1 1 of the 
conductive paste are foimed on the front surfaces of the semiconductor IC chip 1 and the wiring 
substrate 2 as shown in Fig. 6(d). 
Second Embodiment 

m 

A semiconductor device in a second embodiment according to the present invention is shown in 
Fig. 7 , in which parts Uke or corresponding to those of the first embodiment aie designated by the 
same reference characters. 

The semiconductor device in the second embodiment has a wiring substrate 2 provided with a 
through Iwle extending between the opposite surfaces thereof, and two semiconductor IC cliips 1 
each provided widi bond pads on one surface tfieieof and inserted in the through hole of the wiring 
substrate 2 in a back-to-baclc arrangement with the surf^aces not provided with the bond pads facing 
each other. The bond pads of the semiconductor IC chips 1 are'connected electrically to the bond 
pads formed at the edge of the conductive lines of the wiring substrate 2 by metal wires 3. Sealing 
resin coatings 4 seal the semiconductor IC chips I and the metal wires 3 therein and bond together 
the semiconductor IC chips I and die wiring substrate I'-Ihe sealing resin coatings 4 fiU up gaps 
between the side surface of the semiconductor IC chips I and the side surface .of the through hole of 
the wiring subst^ 2. 

Hk metal wires 3 extend at a heightin the range of 150 to 250 // m, and each of the seaUng 
resin coatings 4 has a height 6 in the range Of about 170 to 270 /x m. The thickness 6 is 270// m at 
the greatest 

The bond pads of the semiconductor IC chips 1, simUariy to those of die semiconductor device 
in die first embodiment, may clectricaUy be connected to the bond pads of the wiring substrate 2 by 
a tape provided with conductive wires or by wires of a conductive paste. When wires of a 
conductive paste arc employed, the same may be formed by die method of forming die wires of the 
conductive paste previously described in connection witfi die first embodiment 

Hie sernicoiiductor device in the second embodiment, sinulariy to diat in die first embodiment, 
is fabricated by inserting one of die semiconductor IC chips 1 in the through bole of the wiring 
substrate 2, electrically connecting tfie bond pads of die soniconductor IC di^> 1 to bond pads 
formed on one of die opposite surfaces of die wiring substnte2 by the metal wires 3, coating die 
semiconductor IC chip 1 and die metal wires 3 widi die sealing resin coating 4, inverting die wiring 
substrate 2 upside down, inserting die odier semiconductor IC chip I in die duough bole of the 
wiring substrate 2, electrically connecting die bond pads of die semiconductor IC chip 1 to bond 
pads formed on die odier surface of die wiring substrate 2 by die metal wues 3, and coating die 
seniiconductor IC chip 1 and die metal wires 3 widi die sealing resin coating 4. 

The semiconductor device in die second embodiment, simUariy to dwt in die first 
embodiment, can be formed in a small diickness and permit high-density packaging . Furdier since 
two semiconductor IC chips are inserted in die tiirough hole of die wiring substrate,die 
semiconductor device in die second embodiment has multi-function. 

The semiconductor device in die present invention can be formed/ in a small diickness because 
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the semiconductor IC chips are inserted in the through hole of the wiring substrate. Since any 
adhesive is not used for attaching the semiconductor IC chips to the wiring substrate, the bond pads 
of the wiring sobstrate need not be separated far from the edges of the seipiconductor IC chips to 
avoid being covered with an irregularly spread layer of an adhesive. The bond pads of the wiring 
substrate may be formed at positions close to the edges of the semiconductor IC chips. 
Accordingly, the semiconductor device can be formed in a small area, which enables high-density ' 
packaging. 

The foregoing embodiments of die present invention are illustrative and not restrictive. It is 
obvious Ito those skilled \n the art that various changes and modifications are possible in the 
foregoing embodiments without departing fircwn ttie scope and spirit of the invention. The scope of 
the invention, therefore, is to be detennined solely by the following claims. 
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